The purpose of this study was to survey the EMS (emergency medical services) personnel preparedness for major incidents in the underground mining industry in Sweden. Every year, a high number of incidents, workplace accidents and fires are reported from the Swedish mining industry. Taking care of patients located in an underground mine represents a challenge to EMS personnel. Today, knowledge about EMS personnel preparedness for major incidents in the mining industry is limited. The study design was a cross-sectional survey. The questionnaires were distributed to EMS personnel working in ambulance stations geographically located near an underground mine. Thirteen ambulance stations were included and 137 of 258 personnel answered. Demographic data were analyzed using descriptive statistics. Differences among groups were analyzed with the Chi-Squared test, continuity correction and t-test. Results showed about half of the participants reported that they do not feel prepared to work in a major incident in an underground mine. The majority wished to receive educational training to enhance their preparedness. The most commonly requested type of education was practical drills on the scene, in an underground mine. The reported preparedness was significantly higher among the participants who had received some kind of education, or had authentic experience of a mission in an underground mine than those who did not. This study reveals shortcomings in the preparedness of EMS personnel. The perceived low preparedness of EMS personnel may affect their ability to work in a major incident in the mining industry. Study findings may be used in planning the future education, including practical drills, of EMS personnel.
Background
The mining industries in the in the western world are not spared from major incidents and disasters. On New Zealand's West Coast, 29 miners were killed Underground mining is associated with obvious risks which may lead to mass-casualty incidents. A literature review show that a majority of the reports were descriptive regarding injury-creating technical and environmental factors and a lack of focus on rescue and medical aspects [1] . There is a need for evaluation of the preparedness to handle underground mining incidents among (EMS) emergency medical services staff during rescue operations.
In many parts of the world, underground mining operations are a very risky situation for employees [2] [3] [4] . Each year thousands die in incidents in coal, stone and ore mines [5] .
after an explosion in the Pike River Mine, in 2010 [6] . An American study explains that 11,606 workers died in disasters in underground mines between the years 1900-2006. During a five-month period of 2006 19 miners died in three different mining disasters, where fires and explosions were the causes [7] . Muzaffar et al. [8] investigated the statistics of loss events in the American mining industry between the years 1998-2007. The results showed that more entrepreneurs than mining workers were killed by harmful incidents, and that the most common causes involve transportation, machinery, electricity and falling objects and slipping or cases.
Despite ongoing safety efforts by the Swedish mining industry, different types of harmful events occur annually. To evacuate and treat affected and/or injured patients who are in an underground mine is a challenge for all rescue organizations and requires good planning for such events. Today's scientific knowledge of EMS personnel preparedness for major incidents in the mining industry is very limited.
Major incidents are relatively rare, but when they do occur, demands are high on the practical skill level of the rescue agency. Society also expects rescue organizations to provide a rapid response and effective work efforts in emergencies [9] . According to the Swedish National Board of Health and Welfare [10] , "being ready" means being prepared for future developments and/or situations. Healthcare disaster preparedness includes all the work required for the care of affected persons, as well as minimizing the physical and psychological consequences of a major incident or disaster. In Sweden, each county council is responsible for coordinating EMS, including the disaster medical preparedness plan in time of peace, and for highlighting the plan for increased awareness.
Within the area described above scientific knowledge of EMS personnel preparedness is very limited. The purpose of this study is to survey the preparedness for major incidents in the mining industry among Swedish EMS personnel.
Method
This national study is a cross-sectional study, based on data collected by means of a study-specific questionnaire covering demographics, planning and preparedness of major incident in underground mines, if they have experienced a major incident and education and information.
Both closed and open-ended questions were used.
Totally, there are nine underground mines in the Middle and North of Sweden. Employees from 13 EMS stations covering the mine areas participated in the study. Two hundred and fifty-eight persons were eligible and 137 (53%) chose to participate in the study. The participants received information about the purpose of the study and its clinical relevance. They were also informed of voluntary participation. The findings are based on statistical analysis, i.e. using descriptive statistics and for differences among groups the Chi-Squared test, Continuity Correction and t-test were used.
Results
Participants (n = 137) were on average 43 years old (21-64 years), both men (72%) and women (37%). They had worked on average 15 years (0-43 years), had various levels of education and work experience in the EMS. One third of the participants (36.5%) had been trained by their respective employer (see Table  1 ). The training aimed at increasing preparedness for a major incident in an underground mine.
Half of the participants had a sense of not being prepared to work at a major incident in a mine. No significant differences were found concerning sex and educational level. It was a significant difference (p = 0.006) between those who had worked longer concerning their sense of being prepared for a major incident, which means they were more prepared. Those who had received training were significantly more prepared than those who had not (p = 0.047, Table 2 ).
Those who had been down in a mine reported themselves to be more prepared for a major incident in the underground mine than others (p = 0.017, Table 3 ). The 53 (39.6%) participants who claimed to have worked at a major incident in the mining industry were not better prepared than those who lacked the experience (p = 0.201, Table 3 ).
Of the participants 19% knew of a disaster plan for major incidents at a mine at their present work. Further, the education received were mostly lectures and written information and to a smaller degree practical exercises in a mine. Almost all participants (91%) reported they would benefit from some kind of training before a major incident in the mining industry happens. More practical exercises in a mine and lectures were the most desired educations among participants. 
Discussion
The main results are that half of the participants said they did not feel prepared to work in a major incident in an underground mine. Only one third of the participants had been trained by their employer. Almost all participants would benefit from some kind of training. The training that most of the participants desired was practical training on site or at a mine.
Practical training is a strong factor for preparedness and it is stated [11] that the participants who had experience from real CBRNE events, experienced no significant higher readiness than those who performed a CBRNE exercise. A study on the correlation between the number of hours of training between paramedics and fire personnel practicing for major incidents and disasters and the perceived preparedness for these events showed that the level of perceived preparedness increased with the number of hours practiced [12] . Exercises and interactions between individuals, teams and organizations have a significant impact of the effectiveness of an emergency response [13] . It was found in another study that practical exercise compared to real events attained a more lasting knowledge of the performance of triage, which also enhances the idea of supplementing theoretical training with practical exercises. Practical exercises allow for feedback and the correction of errors in a safe learning environment, compared to actual events [11] .
Our result showed that only one fifth knew of a disaster plan. There is a risk that disaster plans become a desktop product that does not reach the people who are supposed to use them in the field. [15] . There is a desire that the employer should make great effort to arrange many different drills for staff. However, research has also shown that emergency personnel can greatly benefit from rare but well-arranged mass casualty practice. It can be difficult to finance large, realistic emergency exercises. There is a call for effective strategies to improve and maintain disaster preparedness [16] .
The present result showed a significant difference between those who had previously been in an underground mine and those who had not been in an underground mine concerning their preparedness. The participants with experience from being down in a mine reported they were more prepared for a major incident compared to those with no experience. It would therefore be useful for EMS to arrange visits to a mine within their respective catchment area. In larger events when resources are scare previous training is essential, but also in smaller events when those who arrive may not be trained to handle specific situations [17] .
The study specific questionnaire for this cross-sectional study does not fit for any validity and reliability tests and there is no intention to use it in other studies. However, the acceptable response rate (53%) and the low rate of missing values (2.5%) increase the trustworthiness of the results even if they have to be taken with caution.
Conclusions
The majority of the participants requested specific training in a mine area in order to increase their preparedness. More studies will be necessary to explore how joint exercises involving EMS, rescue personnel and mining companies affect staff knowledge and preparedness. A high level of preparedness also promotes effective work at sites, as well as meeting the society's expectations of the EMS.
